WHAT'S KNOWN ON THIS SUBJECT: Vitamin D is a pleiotropic hormone important for proper functioning of multiple organs. Adult critical care studies have suggested vitamin D as a modifiable risk factor. No studies have investigated the prevalence, risk factors, or role in pediatric critical illness.
In Canada each year, 10 000 children are admitted to PICUs, resulting in ∼40 000 patient days. The identification of previously unrecognized modifiable risk factors could help guide new preventative or therapeutic strategies for pediatric critical illness. Vitamin D supplementation may represent a novel strategy to modulate pediatric critical illness occurrence, intensity, duration, and associated chronic morbidities. Although poor nutritional status is recognized as a risk factor for adverse outcomes in critical illness, there are no published studies investigating the potential role of vitamin D deficiency in pediatric critical illness. 1 Vitamin D, a nutrient derived from both diet and sunlight, has been increasingly recognized as pivotal to good health. A pleiotropic hormone, vitamin D has been increasingly implicated in the proper functioning of multiple organs, with deficiency states associated with cardiovascular disease, asthma, multiple sclerosis, diabetes, acute lower respiratory infection (ALRI), and cancer. [2] [3] [4] [5] [6] [7] [8] [9] It was recently hypothesized that vitamin D deficiency could also contribute to or prolong critical care pathophysiology. 7, 10 A number of adultbased critical care studies support this idea, reporting high deficiency rates and associations between lower 25-hydroxyvitamin D (25(OH)D) levels, higher illness severity scores, and longer ICU length of stay. [11] [12] [13] Furthermore, a recent adult publication demonstrated lower premorbid 25(OH)D concentration as a predictor of ICU-related mortality. 14 The objective of this study was to determine the prevalence of vitamin D deficiency among critically ill children by using biological samples secured from a recently completed prospective multicenter trial investigating adrenal insufficiency. 15 Secondary objectives included establishing the risk factors for vitamin D deficiency and exploring relationships with clinically important outcomes. We hypothesized that vitamin D deficiency would be common in critically ill children.
METHODS
This study was a secondary analysis of data and biological samples collected as part of the Adrenal Insufficiency in Pediatric Critical Illness Study (AIP), a prospective cohort study conducted in 7 tertiary-care PICUs (latitude range: 43°N to 53°N) in Canada. 15 Briefly, patients were eligible if they were newborn to 17 16 Vitamin D deficiency and insufficiency were defined as 25(OH)D concentrations ,50 nmol/L and between 50 and 75 nmol/L. 8, 9, 17, 18 Demographic, clinical, and laboratory data were available in a computerized database. Variables used as measures of illness severity, organ dysfunction, and clinical course included PRISM, catecholamine administration, fluid bolus requirements, mechanical ventilation duration, PICU length of stay, and mortality. 15, 19 Both albumin and lowest pH-corrected ionized calcium levels during admission were obtained from the principal investigators center. Hypocalcaemia was defined as an ionized value ,1.1 mmol/L. 20, 21 Examples of conditions used to classify participants with preexisting illness included developmental delay, seizure disorder, cerebral palsy, genetic condition, congenital heart disease, chronic obstructive or restrictive lung disease, oncological condition, or diabetes. Hepatic dysfunction was defined by using the pediatric logistic organ dysfunction score (PELOD) criteria, including aspartate aminotransferase .950 and international normalized ratio .1.4. 22 Malnutrition was assessed by using the Gomez approach or weight for age ratio. 23 Classification of noncardiac surgical categories is shown in Supplemental 
RESULTS

Demographics
Three hundred eighty-nine critically ill children were enrolled in the AIP study. For the substudy, 25(OH)D measurements were performed on 326 study participants because permission was declined from 1 of the original centers (n = 52), and biological sample was unavailable for 11 participants. Baseline characteristics of the participants are presented in Table 1 . The overall cohort had a median age of 3.7 years (IQR: 0.6-13), 51% were boys, and median admission PRISM score was 6 (IQR: 3-10). Two hundred and thirty-five patients (72%) were mechanically ventilated, eighty-eight (27%) received catecholamines, and the median PICU admission length was 4 days (IQR 3-7). A comparison of patient characteristics between vitamin D substudy participants and the 63 excluded AIP participants did not demonstrate statistically significant differences in age, gender, weight, weight for age ratio, season, or PRISM score (Supplemental Table 5 ). Excluded participants were more likely to have a preexisting illness and be admitted after congenital heart disease surgery. Table 2 ). Additional evaluation using a multivariate logistic model only identified weight ratio, trauma diagnosis, and PRISM score as statistically associated with vitamin D deficiency (Supplemental Table 7 ). Each additional PRISM unit increased the odds of being vitamin D deficient by 8% (odds ratio [OR] 1.08, 95% CI: 1.02-1.14; P = .005). Trauma diagnosis decreased odds of vitamin D deficiency (OR 0.37, 95% CI: 0.14-0.93; P = .034), and higher weight for age ratios (OR 1.14, 95% CI: 1.03-1.28; P = .013) increased odds of vitamin D deficiency. Established risk factors (age and season) and hepatic dysfunction were not independently associated with vitamin D deficiency in the multivariate logistic model.
Risk Factors
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Illness Severity
Statistically significant differences in 25 (OH)D levels were observed between groups with and without specific organ dysfunction and known biochemical markers of illness severity (Fig 1) . First, lower mean 25(OH)D levels were observed in the PICU subgroups requiring catecholamine infusion (45 6 19 nmol/L vs 38.5 6 16 nmol/L, P = .006) and .40 mL/kg fluid bolus on the day of admission (44.7 6 19.6 nmol/L vs 34.5 6 18.5 nmol/L, P = .001). Mechanically ventilated subjects had lower 25(OH)D levels compared with the group not requiring intubation (47.2 6 19.9 nmol/ L vs 41.7 6 19.1 nmol/L, P = .02). Substudy subjects with at least 1 hypocalcemic episode had significantly lower 25(OH)D levels compared with those with normal or minimally reduced calcium levels (51.0 6 20.6 nmol/L vs 36.6 6 15.9 nmol/L, P = .001). Of note, no significant relationship between 25 (OH)D levels and serum albumin could be demonstrated (Spearman correlation coefficient -0.08, P = .48). A moderate correlation between albumin and preexisting illness was evident (0.57, P , .001).
Biochemical abnormalities and clinically important outcome measures were compared for study subjects with andwithout vitamin Ddeficiency (Table 3) . A higher percentage meeting criteria for significant hypocalcemia (78% vs 41%, P = .001) was observed for vitamin D deficient subjects. Lower pH corrected ionized calcium levels (1.04 vs 1.09 mmol/L) were calculated for the vitamin D deficient group, with the result barely achieving statistical significance (P = .05). Vitamin D deficient participants were more likely to receive catecholamine infusion (30% vs 20%; P = .05); with a highly significant difference observed for those receiving multiple catecholamine (7% vs 0%, P = .007). Finally, a statistically significant difference in median day 1 fluid bolus administration was observed, and twice as many vitamin D deficient study participants required .40 cc/kg fluid bolus on the day of PICU admission (17% vs 8%, P = .04).
Clinically Important Outcomes
In multivariate regression, a 25(OH)D concentration under 50 nmol/L was independently associated with an additional 1.92 days length of stay in PICU (95% CI: 0.2-3.7, P = .03)( Comparison of 25(OH)D levels in PICU patients with and without biochemical abnormalities and organ dysfunction. A, Hypocalcemia; B, catecholamine infusion; C, mechanical ventilation; D, fluid bolus .40 mL/kg on admission day. Total participant number was 326 for the catecholamines, fluid bolus, and mechanical ventilation analysis. Calcium data were available for 1 site (108 study participants). Graphs represent box and whisker diagrams showing sample minimum, lower quartile, median, upper quartile, and sample maximum. 
